Introduction
Lidocaine is combined with epinephrine, which has a vasoconstrictor effect, to improve its effect in clinical practice (14) . The aim of this study was to investigate the effects of different doses of epinephrine+lidocaine on bupivacaine cardiotoxicity in anaesthetised rats.
Methods

Animals
In our study, 24 adult male Wistar albino rats weighing between 250 g and 330 g were used. Experimental animals were purchased from the Kobay Experimental Animals Laboratory ind.trade.co.ltd. (Çankaya, Ankara, Turkey). The animals were raised in a room under suitable conditions (21±2°C temperature, 45%-65% humidity, and 12-hour light/dark cycle). The rats were able to drink as much tap water as they wanted, and they were fed with standard rat pellet food. The experimental procedures applied in our study were discussed and approved by the Experimental Animals Local Ethics Committee (Protocol no: 2016-21-02 / 03) of the Zonguldak Bulent Ecevit University.
Surgical procedures
The rats were anaesthetised with 75 mg kg −1 ketamine and 8 mg kg −1 xylazine administered intraperitoneally (ip) (Sigma Aldrich, St. Louis, MO, USA). The body temperature of the rats was kept consistent at 37±1°C by placing the rectal probe on the heating plate (RTC-9404 Ankara, Turkey). The trachea was cannulated, and the animal was connected to the ventilator (respiratory volume 1.5 mL for 100 g, respiratory frequency 60 min −1 ; SAR-830, Life Sciences, USA). The right jugular vein was cannulated for the administration of the drugs, and the right carotid artery for the measurement of blood pressure (blood pressure measurement device, SS 13 L, California, USA). Subcutaneous bipolar electrodes were placed, and the ECG was monitored (data collection system, Biopac MP35, California, USA). The ECG and blood pressure data recorded during the experiment were stored on a computer for subsequent analyses (Acer A114-31, Newtaipei, Taiwan). A waiting period of 15 minutes was given for the animals to be stabilised after the surgery. For the measurement of arterial blood gases, 0.1 mL of blood was drawn. Instead, 0.1 mL of physiological saline solution was administered ip. The arterial pH, pO 2 and pCO 2 values were measured using a blood gas meter (Nova Biomedical Company, Phox Plus L, Walthom, USA). All active agents were administered through the jugular vein with an infusion pump (small animal infusion pump, Legato 100, USA).
Experimental groups and pharmacotherapy
A total of 24 animals were divided into four groups: Group I (n=6): control Group II (n=6): lidocaine with epinephrine 1 mg kg −1 , Group III (n=6): lidocaine with epinephrine 3 mg kg −1 Group IV (n=6): lidocaine with epinephrine 6 mg kg −1 An infusion of iv Bupivacaine (20 ml of Marcaine 0.5%, Astra Zeneca, Istanbul, Turkey) was given to all animals from all groups until the occurrence of cardiac asystole. In the drug groups, lidocaine with epinephrine (Vilcam 50 mL, Vils, Ankara, Turkey) was started to be administered simultaneously with the infusion of bupivacaine at the doses of 1 mg kg −1 min −1 , 3 mg kg −1 min −1 and 6 mg kg −1 min −1 , respectively.
The basal heart rate (HR) values and the mean arterial blood pressure (MABP) were calculated using the stored ECG and blood pressure records (data collection system, MP 35, Biopak, Goleta, California, USA). After bupivacaine administration, the period until asystole was observed, and the amount of bupivacaine consumed until the formation of asystole and the time until the first ventricular arrhythmia (ventricular premature contraction, ventricular tachycardia and VF) were calculated. The time necessary for the HR and MABP to decrease at the rates of 50% and 75% in reference to the basal values was detected. The QRS, P-Q, R-R and Q-T lengths were calculated at the baseline, and at the 1 st , 3 rd , 5 th and 7 th minute in ECG. The increased HR changes the measured Q-T lengths by shortening them. Therefore, the QTc value, which is the corrected form of Q-T values, was calculated according to the Bazett formula to eliminate the effect of the HR on Q-T (15) .
Statistical analysis
The data were analysed using the GraphPad programme (Graph-Pad Prism version 5, San Diego, CA, USA). A one-way analysis of variance and Tukey test were used in the inter-group comparison of the obtained data. Student's t-test was used to compare the basal values with the data measured during infusion in all groups. The data were given as the mean±standard error. The p-value <0.05 was considered to be statistically significant.
Results
No significant difference was observed among the groups in terms of body weight, HR, MABP, arterial blood pH, pO2 and pCO 2 values recorded before bupivacaine administration (p>0.05) ( Table 1) .
After the administration of bupivacaine, the duration of asystole, the 50% and 75% reduction in MABP, and bupivacaine consumption values significantly increased compared to control in the groups of lidocaine with epinephrine at the doses of 3 and 6 mg kg −1 (p<0.05) ( Table 2 and Figure 1) . These values increased significantly in the group of lidocaine Turk J Anaesthesiol Reanim 2018; 46(6): 447-52 with epinephrine at the dose of 1 mg kg −1 compared to other groups (p<0.05) ( Table 2 and Figure 1 ). In the group of lidocaine with epinephrine at the dose of 1 mg kg −1 , the time of first arrhythmia and the time to the 50% and 75% reduc-tion in the HR significantly increased compared to the other groups (p<0.05) ( Table 2 and Figure 1 ).
The QRS, R-R and QTc values significantly increased in all groups at the 3 rd and 5 th minute in comparion with the basal values (p<0.05) ( Table 3 and Figure 2 ). The P-Q and Q-T lengths increased significantly at the 3 rd , 5 th and 7 th minute in the control group, and they also increased in the groups of lidocaine with epinephrine at the doses of 3 and 6 mg kg −1 compared to the basal values (p<0.05). However, there was no significant difference in terms of these values in the group in which lidocaine with epinephrine was administered at a dose of 1 mg kg −1 ( Table 3 and Figure 2 ).
The P-Q length in the 1 st , 3 rd , 5 th and 7 th minute in the rats from the lidocaine with epinephrine 1 mg kg −1 group showed a significant decrease in comparison to all other groups; the Q-T length showed a significant decrease in comparison to the control group and the group of lidocaine with epinephrine 6 mg kg −1 . Lidocaine with epinephrine significantly reduced the Q-T length at the dose of 3 mg kg −1 at the 3 rd , 5 th and 7 th minute in comparison to the control group and the groups of lidocaine with epinephrine 6 mg kg −1 (p<0.05) ( Table 3 and Figure 2 ). The QRS length measured at the 1st and 3rd minute in the group of lidocaine with epinephrine 1 mg kg −1 significantly decreased (p<0.05) ( Table 3 and Figure 2) . The R-R interval measured at the 7 th minute in all groups given lidocaine with epinephrine showed a significant decrease compared to the control group (p<0.05) ( Table 3 ). 
Discussion
To the best of our knowledge, it was first reported in our study that lidocaine with epinephrine had a protective effect against bupivacaine toxicity and that it increased the asystole duration and improved haemodynamic parameters. Lidocaine with epinephrine was found to have an effect on bupivacaine cardiotoxicity by providing improvement in these parameters at the doses of 1, 3 and 6 mg kg −1 . However, this effect was found to be the highest at the dose of 1 mg kg −1 . The effect of lidocaine with epinephrine or different doses of lidocaine against bupivacaine cardiotoxicity has not been investigated. Therefore, there is no similar study in which these results can be compared in the literature. In our study, lidocaine with epinephrine administered at a dose of 1 mg kg −1 increased the time when the first arrhythmia was seen. Similarly, Fujita et al. (11) showed that lidocaine increased the threshold value of VF in bupivacaine cardiotoxicity.
In our study, bupivacaine significantly increased the P-Q, Q-T, R-R and QRS lengths compared to basal values. This result suggests that bupivacaine may have reduced the rate of impulse conduction in the heart. This effect may be due to the inhibitory effect of bupivacaine on fast sodium, ether-ago-go potassium, and T-type and L-type calcium ion channels (16−19) . Lidocaine with epinephrine eliminated an increase in these values at a dose of 1 mg kg −1 . This result can be explained by the fact that lidocaine with epinephrine blocks the effect of bupivacaine to decrease the rate of intracardiac impulse conduction. In accordance with our study, Lefrant et al. (20) in a similar study conducted on anesthetised pigs, showed that lidocaine reduced the increament in the QRS and P-Q lengths induced by bupivacaine.
Clarkson and Hondeghem (16) compared the effect of bupivacaine and lidocaine on the cardiac impulse conduction in a study using the voltage clamp technique in guinea pig ventricular muscle cells. In this study, it has been reported that bupivacaine and lidocaine block these channels by binding to the fast sodium channels. However, it has been shown that lidocaine disperses from channel receptors faster than bupivacaine. Clarkson and Hondeghem (21) report in their other studies that lidocaine is replaced by bupivacaine by showing a competitive inhibition over these channels. The investigators have suggested that lidocaine reduces the toxicity of bupivacaine because it dissociates faster from the fast sodium channels. In our study, lidocaine may have reduced the cardiotoxicity caused by bupivacaine through a similar mechanism.
Different from our study, Simon et al. (13) showed in an in vitro study conducted with a rabbit heart that lidocaine was not effective in reducing the QRS prolongation caused by bupivacaine. The difference in results can be explained by the administration time of the anaesthetic agents used in these studies. In our study, bupivacaine and lidocaine with epinephrine were given concurrently, which was consistent with the competitive inhibition hypothesis of Clarkson and Hondeghem (21) . Simon et al. (13) initiated the bupivacaine infusion 10 minutes before the lidocaine infusion.
Conclusion
These results suggest that a low dose (1 mg kg −1 ) of lidocaine with epinephrine in rats may have a protective effect against bupivacaine cardiotoxicity. However, this result should be supported by further research in order to be transferred to clinical practice.
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